Background--Previous cross-sectional studies have shown conflicting results regarding the effects of television viewing and occupational sitting on cardiovascular disease (CVD) risk factors. The purpose of this study was to compare the association of both television viewing and occupational sitting with CVD events and all-cause mortality in blacks.
A n abundance of epidemiologic evidence has demonstrated that blacks are at greater risk of cardiovascular disease (CVD) and premature death relative to other race/ ethnic groups in the United States. [1] [2] [3] To combat the disproportionate CVD/mortality risk in blacks compared with whites, it is necessary to identify modifiable risk factors for directed behavioral interventions. 4 Accumulating evidence has demonstrated that sedentary behavior is linked to several CVD risk factors, including metabolic syndrome, hypertension, and type 2 diabetes mellitus. 5 Additionally, prospective studies have reported a significant association between sedentary behavior and incident CVD and all-cause mortality, even when accounting for levels of moderate-to-vigorous physical activity (MVPA), suggesting that engagement in adequate levels of physical activity does not fully protect individuals from the deleterious effects of sedentary behavior. [6] [7] [8] [9] Accordingly, sedentary behavior is now believed to represent a distinct health behavior that carries its own risk and is no longer considered as just the absence of physical activity. 5 Emerging evidence indicates that certain types of sedentary behavior may lead to greater CVD risk than others, which has led some to speculate that "not all sedentary behavior is created equal." 10 Several studies have found that leisure-time sedentary behavior, primarily television (TV) viewing, is more strongly associated with CVD risk factors (adiposity, C-reactive protein, fibrinogen, blood lipids) compared with nonleisure forms of sedentary behavior (eg, occupational sedentary time), suggestive that TV viewing may be a more harmful form of sedentary behavior. [11] [12] [13] These previous studies have been limited by their cross-sectional rather than prospective design, and have rarely included diverse populations with high proportions of blacks. Furthermore, although populationbased studies have increasingly used accelerometers to objectively measure sedentary behavior to elucidate its role as a CVD risk factor, a limitation of accelerometrybased studies is the difficulty in distinguishing between differing types of sedentary behavior. Epidemiologic evidence from prospective studies, therefore, is still needed to determine if the association of sedentary behavior with incident CVD and mortality varies by leisure versus nonleisure domains. The purpose of this study was to determine the associations of TV viewing and occupational sitting with CVD events and all-cause mortality in the large community-based cohort of blacks enrolled in the JHS (Jackson Heart Study). As recent evidence suggests that the mortality risk conferred by prolonged sedentary behavior is dependent on one's physical activity levels, a secondary aim of the current study was to examine whether physical activity moderates the associations of TV viewing and occupational sitting with CVD events and all-cause mortality.
Methods Study Population
All data materials are publicly available 14 and can be accessed pending completion and approval of a data use agreement. The JHS is a large, population-based study of CVD among blacks. Details of study design, recruitment, and data collection have been previously described. [15] [16] [17] [18] 
Sedentary Behavior and Physical Activity Measures
Sedentary behavior and physical activity were assessed using the JHS Physical Activity Cohort Survey consisting of 30 questions assessing physical activity over the past 12 months. This is a modified version of the Baecke physical activity survey, with the goal of improving the measurement of physical activity in blacks. 19, 20 Television viewing was assessed by the single item, "During the past year, how often did you watch television?" Response options included the following: "<1 hour a week", "At least 1 hour a week, but <7 hours a week"; "At least 1 hour a day, but <2 hours a day"; "At least 2 hours a day, but <4 hours a day"; and "4 or more hours a day." This item has been validated against accelerometry (q=0.22) and has good reproducibility (r=0.75-0.78). 21, 22 Occupational sitting was assessed using the single item, "When you are at work, how often do you sit?" Response options included the following: "Never," "Seldom," "Sometimes," "Often," and "Always." This item question has been validated against accelerometry (q=0.63) and also has good reproducibility (intraclass correlation coefficient, 0.74).
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Leisure-time MVPA was assessed by a series of intervieweradministered questions inquiring about the yearly frequency and weekly duration of participation in exercise and sports over the past year. Responses were converted to "minutes per week"
Clinical Perspective
What Is New?
• Television viewing, but not occupational sitting, was associated with an increased risk of cardiovascular disease and all-cause mortality in blacks.
• High levels of leisure-time moderate-to-vigorous physical activity ameliorated the hazardous effects of television viewing in blacks.
What Are the Clinical Implications?
• Minimalizing television viewing may be more effective in improving health outcomes, compared with reducing other sedentary behaviors, in blacks.
• Participation in leisure-time moderate-to-vigorous physical activity should be encouraged to offset hazardous outcomes attributable to high amounts of television viewing in blacks. 
Outcome Variables
The primary outcome was a composite end point of CVD events (coronary heart disease or stroke) and all-cause mortality. Adjudication procedures for these outcomes have been described previously. 27 Briefly, living participants or their proxies were contacted annually via telephone to assess potential CVD events and vital status. Hospital discharge lists with specific diagnostic criteria were also obtained from the Jackson, Mississippi, tricounty area hospitals. Death certificates were requested from the Mississippi State Department of Health for JHS participants as needed. When a CVD-related hospitalization or a death was identified, medical records were retrieved and abstracted. Trained clinicians adjudicated events following published guidelines using the information available about the circumstances surrounding an event. 27 For the present analysis, definite or probable CVD events (ie, coronary heart disease, nonfatal myocardial infarction, or acute coronary heart disease death or stroke defined as noncarotid embolic or thrombotic brain infarction, brain hemorrhage, or subarachnoid hemorrhage), and all-cause mortality were available through December 31, 2010. The composite of CVD events or all-cause mortality was the primary outcome, and each type of event was analyzed separately as secondary outcomes. To examine whether the association of television viewing/ occupational sitting with the composite end point was moderated by level of leisure-time MVPA, we added multiplicative interaction terms of MVPA (ideal MVPA levels versus inactive/intermediate MVPA levels) with the sedentary behavior indicator variables to the fully adjusted regression models. To explore the potential for reverse causality (ie, those with high levels of disability and illness, who thus have a high risk of death, are more sedentary), we conducted a sensitivity analysis wherein all of the above analyses were repeated after the exclusion of deaths in the first year of follow-up. To account for the possibility that changes in selected covariates over follow-up confounded our results, we also conducted a sensitivity analysis treating smoking status (assessed at Exams 1 and 3), BMI (assessed at Exams 1, 2, and 3), and leisure-time MVPA (assessed at Exams 1 and 3) as timevarying covariates in the Cox regression models. Data analyses were conducted using SPSS version 22 (SPSS Inc, Chicago, IL).
Statistical Analysis

Results
Participant Characteristics
Among the 3592 participants included in the current analysis, 1174 (32.7%), 1306 (36.3%), and 1112 (31.0%) watched TV <2, 2 to 4, and >4 h/day, respectively. Participants who reported longer daily TV viewing were more likely to have the following characteristics: poor levels of leisure-time MVPA, an annual family income <$50 000, heavy alcohol consumption, current smoker, unhealthy diet, and hypertension. They were also less likely to have graduated high school and had a higher BMI (Table 1) .
For occupational sitting, 1007 (28.0%), 1033 (28.8%), and 1552 (43.2%) participants reported sitting at work "never or seldom," "sometimes," or "often or always," respectively. Participants who reported spending more time sitting at work were more likely to be female, be of a younger age, and have a higher BMI. Additionally, they were more likely to have the following characteristics: high levels of leisure-time MVPA, a high school graduate, an annual family income >$50 000, and a healthy diet. Furthermore, they were less likely to be current smokers or heavy alcohol consumers (Table S1 ).
Sedentary Behavior and CVD/All-Cause Mortality
Over a median follow-up of 8.4 years (range 0.1-11.2 years), there were 129 CVD events and 205 deaths (334 total events). In an unadjusted model, >4 h/day TV viewing was associated with a greater risk of the composite CVD event/ mortality end point ( Table 2 , upper panel). This association remained statistically significant in all adjusted models (Models 1-4 in Table 2 ; Figure 1 ). For occupational sitting, longer time spent sitting at work was associated with a decreased risk of the composite CVD event/mortality end Defined as a serum glucose ≥126 mg⁄dL for participants who had fasted ≥8 hours before their blood draw, a serum glucose ≥200 mg⁄dL for those who had not fasted, or a self-report of a prior diagnosis of diabetes mellitus with use of insulin or oral hypoglycemic medications. k History of myocardial infarction was defined as a self-reported history of healthcare provider-diagnosed myocardial infarction. ¶ Defined according to American Heart Association's Life's Simple 7 criteria for minutes/week of moderate or vigorous physical activity. Poor physical activity: 0 minutes/week of leisuretime moderate or vigorous physical activity. Intermediate physical activity: >0 and <150 minutes/week of leisure-time moderate physical activity.
point in an unadjusted model ( Table 2 , lower panel); however, this association was not statistically significant in any of the adjusted models (Models 1-4 in Table 2 ; Figure 2 ). The pattern of results for TV viewing and occupational sitting were similar when CVD event and all-cause mortality were examined as separate outcomes, albeit the smaller number of CVD events limited our power to detect statistical significance (Tables S2 and S3 ; Figures S1 and S2).
Moderating Effect of Leisure-Time MVPA
Analyses revealed that MVPA levels moderated the association of TV viewing with the composite CVD event/mortality end point (P interaction=0.006). For participants who were inactive or had intermediate MVPA levels, TV viewing was significantly associated with an increased risk of the composite CVD event/ mortality end point ( Figure 2 ; Table S4 ). In contrast, for participants with ideal levels of MVPA, TV viewing was not significantly associated with risk of the composite CVD event/ mortality end point. However, the association between occupational sitting and the composite end point did not vary by leisure-time MVPA (P interaction>0.10).
Sensitivity Analyses
A sensitivity analysis was conducted to evaluate the potential for reverse causality by excluding deaths occurring in the first year of follow-up. HRs calculated for TV viewing and occupational sitting were similar after the exclusion of early deaths (Table S5 ). All results were also similar when smoking status, BMI, and leisure-time MVPA were treated as timevarying covariates (data not shown).
Discussion
The present study was conducted to determine the associations of leisure and nonleisure types of sedentary behavior (TV viewing and occupational sitting) with CVD events and allcause mortality in a community-based sample of black adults. Among blacks, watching >4 hours of TV was associated with a 50% greater risk of pooled CVD events and all-cause mortality compared with viewing <2 hours of TV daily. In contrast, a greater amount of occupational sitting was not associated with the composite outcome. These results suggest that the association between sedentary behavior and risk of CVD/all-cause mortality in blacks differs for leisure and nonleisure types of sedentary behavior. Our results furthermore revealed that high levels of MVPA (≥150 min/week) eliminated the increased risk of CVD events and all-cause mortality associated with high TV viewing time, underscoring the benefits of physical activity for blacks.
Blacks have a greater risk for CVD morbidity/mortality at all ages and a lower life expectancy by %5 years compared with their white counterparts. 1 Much of the racial disparity in CVD is associated with modifiable risk factors, such as physical inactivity and obesity, leading some to suggest that cardiovascular health equity will require the successful implementation of lifestyle risk reduction interventions in clinical practice. 1, 29 However, the adoption of healthy lifestyle behaviors is far from optimal in blacks, as a constellation of social, environmental, and systems factors serve as barriers to the attainment of healthy lifestyle behaviors, including ideal physical activity levels and a healthy diet. 30 In this regard, there is a need to identify alternative lifestyle factors that may be more easily modified to reduce the CVD burden in blacks.
Our finding that a high amount of TV viewing was associated with the risk of CVD events/all-cause mortality in JHS participants suggests that TV viewing could be one such modifiable factor. These findings are consistent with previous results from the Southern Community Cohort Study and the National Institutes of Health-AARP study, which reported that prolonged TV viewing was associated with an increased risk for all-cause mortality among blacks. 4, 31 As TV viewing is the most prevalent sedentary behavior in the United States, and given that blacks report watching 20% to 30% more TV than whites, targeting reductions in this type of sedentary behavior could be a potential strategy to reduce CVD risk burden among the high-risk population of blacks. 4, 32 Our finding that occupational sitting was not associated with CVD events/mortality in blacks adds to a growing body of literature that has previously reported a lack of association between occupational sitting and health risk. A Figure 1 . Adjusted cumulative CVD events/mortality by TV viewing (top) and occupational sitting (bottom) categories. Models adjusted for age, sex, education, heavy alcohol drinking, current smoking, healthful diet category, body mass index, hypertension, diabetes mellitus, history of myocardial infarction, history of stroke, leisure time moderate or vigorous physical activity, and occupational sitting (for television viewing analyses) or television viewing (for occupational sitting analyses). Cumulative CVD events/mortality=estimated failure function (1ÀS(t)) derived from Kaplan-Meier curves. CVD indicates cardiovascular disease.
systematic review revealed that of 43 identified studies, 20 reported no association between occupational sitting and health outcomes/conditions. 33 Among 6 studies that prospectively examined the association of occupational sitting with CVD outcomes specifically, 4 reported increased relative risks for the most sedentary group at work compared with the most active group. [34] [35] [36] [37] However, 2 of these 4 studies included overlapping data, and another reported data from the 1960s and 1970s, when the shift toward more sedentary occupations because of technological advancement was just beginning. In contrast, 2 of the 6 studies showed no differences in CVD risk among groups based on occupational sitting.
38,39
The discrepant findings between leisure-based and occupational-based sedentary behavior has been reported in several cross-sectional studies. Among 7660 middle-aged adults in the 1958 British Birth Cohort, higher levels of TV viewing, but not occupational sitting, had an adverse association with CVD biomarkers including C-reactive protein and fibrinogen. 10 Similarly, a Danish population-based study of 2544 adults reported no associations between occupational sitting and cardiometabolic risk factors, while leisure-time sitting was associated with cardiometabolic risk factors such as low-density lipoprotein cholesterol, cardiorespiratory fitness, and adiposity measures. 40 Recent analysis of the JHS determined that TV viewing, but not occupational sitting, was adversely associated with subclinical atherosclerosis. 28 Our findings extend previous cross-sectional evidence by providing prospective evidence that the risk conferred by sedentary behavior varies by leisure and nonleisure types of sedentary activities. Only 1 other study to our knowledge has prospectively examined the association of TV viewing and occupational sitting with health outcomes. 41 Consistent with our data, that study's analysis of the Multiethnic Cohort Study found that TV viewing, but not occupational sitting, was associated with all-cause mortality among 134 596 middleand older-aged adults. Reasons for the discrepancy between TV viewing and occupational sitting are unclear. Participants who reported spending more time sitting at work had higher levels of leisuretime MVPA, a healthier diet, and were less likely to be current smokers or heavy alcohol consumers. Conversely, participants who reported longer daily TV viewing were more likely to smoke, be heavy alcohol consumers, have an unhealthy diet, and poor levels of leisure-time MVPA; suggestive that the link between TV viewing and poorer health habits could be a contributing factor. 42, 43 Additionally, prolonged, uninterrupted periods of sedentary behavior (eg, sitting for hours at a time) may be more adversely associated with cardiometabolic biomarkers compared with shorter bouts of sedentary behavior. 43 This suggests that the discrepant risk conferred by TV viewing and occupational sitting could also be partly attributed to differences in the pattern of sedentary time accumulation (sitting on a couch for hours at a time versus frequent breaks in sedentary time to go to the copier, visit coworkers, etc). Future studies examining patterns of sedentary behavior and sedentary breaks during both leisure and occupational time may be needed to elucidate the differential risks conferred by various types of sedentary behavior. The current study is among the first to examine whether physical activity attenuates (or eliminates) the CVD/mortality risk conferred by sedentary behaviors among blacks, a population at heightened CVD risk. We observed a significant moderation effect of leisure-time MVPA on the association between TV viewing and CVD events/mortality, suggesting that engagement in high levels of physical activity may ameliorate some of the adverse health effects of TV viewing in blacks. A recent meta-analysis of over 1 million adults similarly reported that the increased mortality risk conferred by sitting was attenuated by higher levels of MVPA. 44 However, it should be noted that attenuation of the increased risk of sedentary behavior on mortality by higher levels of MVPA was observed only for total sitting time. TV viewing was still associated with increased mortality risk even among the most physically active in this meta-analysis. Further research is needed to determine the levels of physical activity needed to modify the deleterious health effects of TV viewing. Furthermore, as prolonged TV viewing is linked to adverse health characteristics (eg, JHS participants who reported >4 hours of TV viewing had a higher prevalence of hypertension and increased BMI), additional research is needed to elucidate whether the mitigation of risk by leisure-time MVPA occurs though attenuation of these or other pathways.
The present study has several potential limitations. First, measurement of sedentary behavior was assessed by selfreport questionnaires, which are subject to measurement error and bias. However, unlike objective measures, questionnaires are able to differentiate among the various domains of sedentary behavior. 45 Second, questions on TV viewing and occupational sitting had different response formats: for TV viewing, participants responded using predefined duration categories of hours/day or week (eg, 1-2 h/day); for occupational sitting, participants responded using predefined frequency categories (eg, "never," "seldom"). Thus, the difference in measurement precision for assessing TV viewing and occupational sitting may have affected our findings. Third, there may be limited generalizability as the study was conducted in a single area in the Southeast United States, and the analytic sample was restricted to employed adults. Fourth, the CVD/mortality event rate was only %1.1% yearly in this all-black sample. Because the present analyses were restricted to employed participants, we suspect that the analytic sample is younger and healthier and thus may have had fewer events than would be expected in the general black population. Finally, in sensitivity analyses, the observed association for TV viewing and CVD events alone (not pooling with all-cause mortality) showed only a trend for statistical significance. The smaller number of CVD events likely limited our statistical power; nonetheless, the point estimates suggest that the risk incurred by TV viewing is consistent across CVD event and mortality outcomes. Notwithstanding these limitations, the JHS is one of the largest communitybased studies ever conducted among blacks. This landmark study provided a unique opportunity to characterize sedentary behavior in 2 separate domains and determine their associations with CVD events and all-cause mortality. The present analyses represent some of the first prospective evidence that the risk conferred by sedentary behavior varies by leisure and nonleisure types of sedentary activities.
Implications
There are several implications that can be inferred from the current study. While it has been recommended that individuals limit the total time spent engaged in sedentary behaviors, it appears that, at least for blacks, minimizing TV viewing may be more effective for improving health outcomes compared with other sedentary behaviors. As many interventions have focused on workplace health behaviors, it is important to determine whether efforts to minimize sedentary behaviors should focus more on leisure-time behaviors for improving health outcomes. Additionally, encouragement of leisure-time physical activity may be especially important for blacks, as greater MVPA levels may ameliorate the hazardous effects of TV viewing. Our finding that that high levels of MVPA eliminated the increased risk of CVD events and allcause mortality associated with high TV viewing time importantly highlights that promoting leisure-time MVPA should still remain a priority for health promotion among black populations.
Data S1. SUPPLEMENTAL METHODS
Covariates: Sociodemographic characteristics (age, sex, education), lifestyle behaviors (cigarette smoking, alcohol consumption, healthful diet), cardiovascular risk factors (body mass index, hypertension, diabetes) and medical history (history of myocardial infarction, history of stroke) were included as covariates.
Standard questionnaires were administered to participants by trained interviewers in order to obtain socioeconomic status information. Education was measured as the highest level of schooling completed and classified into six categories: less than high school; high school diploma or graduate equivalency degree; vocational training or some college; associate's degree;
bachelor's degree; and postgraduate degree. Alcohol consumption was determined by a 5-item, interview administered questionnaire that inquired whether the participant had ever consumed alcohol and both the quantity and frequency information about alcohol intake in the past 12 months. Heavy alcohol was defined as drinking more than 14 drinks per week for men or more categories. Models adjusted for age, sex, education, heavy alcohol drinking, current smoking, healthful diet category, body mass index, hypertension, diabetes, history of myocardial infarction, history of stroke, leisure time moderate or vigorous physical activity, and occupational sitting (for television viewing analyses) or television viewing (for occupational sitting analyses). Cumulative mortality = estimated failure function (1-S(t)) derived from Kaplan-Meier curves.
SUPPLMENTAL TABLES
